A boost inverter is a versatile architecture able to supply DC or AC outputs from diverse alternative energy sources. The most relevant advantage of this multipurpose converter is to provide boosting and inversion in a single stage. The boost inverter has been studied from design and control perspectives with renewable energy sources. However, the real-time emulation of boost inverters is less widespread in literature. In this context, the main contribution of this paper is proposing an innovative methodology based on the Systems Modeling Language and Petri nets to emulate in real-time power converters using the boost inverter as a case of study. This approach develops real-time Hardware-in-the-Loop models using a graphical language and Petri nets. These graphical and Petri net features allow a formal validation of computational and time constraints before implementation in FPGA. The proposed methodology is also able to transform the developed models to the High Level Specification of Embedded Systems for automatic code generation. Comparison of real-time emulations and experimental results shows a suitable trade-off between the model accuracy and the computational time.
Introduction
Nowadays, alternative energy sources have increased their integration in 1 power systems. As a result, innovative power converters are required to ac-2 complish the power system conditions [1] . Modern power converters should 3 be robust architectures able to interact with intermittent energy sources and 4 electrical grids [2] . Currently, the boost inverter is a power converter able to 5 achieve these requirements which can be tested using real-time emulations [3] . The boost inverter shows interesting characteristics because provide both 8 boosting and inversion in a single stage [4] . These characteristics improve the 9 power system efficiency [5] , decrease the harmonic distortion [6] , and increase 10 the system reliability [7] . Authors in [8] introduce the boost inverter and pro- 
Operation principle

79
A boost inverter is a power converter build by two complementary bidi-80 rectional boost converters [4] . Fig.2 shows the operation principle of the 81 boost converter. The output voltage of a boost inverter is given by eq.(1).
82
When v 1 and v 2 are sinusoidal 180
• phase-shifted and dc-biased signals, as 
Gain analysis
87
The gain is the relation between the output and the input voltages of a 88 power converter. The gain is one of the most important parameter for power 89 converters. The ideal boost inverter gain is given by [4] , where D is the duty
Taking into account the conductive losses, the boost inverter circuit is 92 drawn in Fig.3 . Where S 1 to S 4 are ideal switches, R on represents the con- The boost inverter has two fundamental operation states. In the first 97 operation state, S 1 − S 4 are active. In the second operation state, S2 − S3
98
are active. For the first operation state,
In the second operation state,
Applying the principle of inductor volt-second balance and the capacitor and
Solving the system of equations from eq. (12) power. Thus,
Given the following relation for the boost inverter currents,
Calculating the efficiency η from eq.(16) and eq. (18), and its electrical neighborhood. To achieve this goal, the power converter is 179 modeled with virtual sources able to maintain the equivalent instantaneous 180 power at the input and output ports. The modeling procedure by using the 181 component-based approach is described as follows:
182
Step 1: Substitution of the source power model by a virtual voltage source and voltages and currents independently of its electrical neighborhood.
186
Step 2: Formulation of the power converter equations in terms of inputs, out-187 puts, and internal parameters. These systems of equations are con-
188
verted into the discrete domain because this method is intended to 189 digital real-time emulations.
190
Step 3: Formulation of equations for describing the interaction between inputs
191
and outputs with the electrical boundaries. The boost inverter analysis takes as a start point the study of the bidi- order to achieve this goal the following mathematical framework is proposed
214
[34].
From circuit in Fig.7 , the bidirectional boost converter behavior is given 217 by two operation states represented by the control signal u = {0, 1}. Then,
218
the converter behavior is given by,
Given the discrete form with a sample time h, and let us consider
Finally, the input and output interactions are defined. The output voltage 222 interaction is then, 
Zynq-7Z020 -XC7Z020 pared. Fig.24a and Fig.24b show that the emulated signal is able to follow 501 the behavior of the actual boost inverter in a wide range of SPWM variation.
502
These results confirm that the proposed methodology is suitable to generate 503 models for real-time emulation with a high degree of accuracy. 
